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Abstract
Discrimination between a ﬁgure and its surround is an important ﬁrst step of pattern recognition. This discrimination usually
relies, as a ﬁrst step, on the detection of borders between a ﬁgure and its surround, for example based on spatial gradients in lu-
minance, colour, or texture. There is evidence that neurones in the visual cortex are speciﬁcally activated by segregation between
textures, but the relation between segregation based on diﬀerent types of features such as colour, luminance, and motion is unclear.
Evoked EEG potentials speciﬁc to texture segregation were investigated in 17 observers in two separate experiments and by means
of functional magnetic resonance imaging in a separate study (Fahle et al., in preparation). Diﬀerences in either luminance, colour,
line orientation, motion, or stereoscopic depth deﬁned a checkerboard pattern. Patterns deﬁned by each of these features elicited
segregation-speciﬁc potentials. In contrast to earlier reports (Vision Research 37 (1997) 1409), however, we ﬁnd pronounced dif-
ferences between the segregation-speciﬁc potentials evoked through diﬀerent features, especially regarding their peak latencies. The
topographical distribution of the activity evoked reveals diﬀerent polarities and partly speciﬁc locations for diﬀerent stimulus
features, indicating the existence of diﬀerent processors for texture segregation based on diﬀerent features.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Visual stimuli containing diﬀerent speciﬁcations of
the same feature, such as diﬀerent motion directions or
diﬀerent line orientations (e.g. arranged in a checker-
board-like way, see Fig. 1d) evoke EEG potentials dif-
fering signiﬁcantly from the potentials evoked by
sequential presentation of the two feature speciﬁcations
in homogenous stimuli (Bach & Meigen, 1990, 1992;
Bach, Schmitt, Quenzer, Meigen, & Fahle, 2000;
Lamme, van Dijk, & Spekreijse, 1992, 1993; Meigen &
Bach, 1994). A component of the visual evoked response
is speciﬁc for the segregation of the pattern and is su-
perimposed on the response evoked by the individual,
local features. The speciﬁc component has been termed
texture segregation visual evoked potential or in short
tsVEP (Bach &Meigen, 1997). These authors originally
described tsVEPs evoked by orientation diﬀerences
(Bach & Meigen, 1990, 1992). Their results were con-
ﬁrmed and extended to patterns deﬁned by motion
features (Lamme et al., 1992, 1993), and to patterns
deﬁned by luminance, stereoscopic depth (Bach & Mei-
gen, 1997) as well as spatial frequency (plus orientation;
Bach et al., 2000).
On the basis of their results, Bach and Meigen (1997)
state that the tsVEPs, across visual dimensions are very
similar when compared to the large variety of low level
VEPs. They continue to argue that the underlying neu-
ronal processes should have similarities across the visual
dimensions and mention a hypothetical generalised gra-
dient-, or master-map. This hypothesis agrees with the
incomplete summation––in detection measurements––
between diﬀerent features subserving ﬁgure-ground seg-
regation since mechanisms completely separated on the
detection level should lead to full probability summation
(Bach et al., 2000). In contrast, our observers produced,
with somewhat diﬀerent types of stimuli, tsVEPs diﬀer-
ing signiﬁcantly between the features employed, casting
some doubt on the hypothesis of a single master-
map. Moreover, activity distributions interpolated from
*Corresponding author. Tel.: +49-421-218-9526; fax: +49-421-218-
9525.
E-mail address: mfahle@uni-bremen.de (M. Fahle).
0042-6989/03/$ - see front matter  2002 Elsevier Science Ltd. All rights reserved.
PII: S0042-6989 (02 )00265-1
Vision Research 43 (2003) 7–19
www.elsevier.com/locate/visres
multi-channel recordings yielded diﬀering positions and
sometimes opposite polarity in the occipital cortex, de-
pending on the feature deﬁning the ﬁgure. We here pre-
sent the electrophysiological data and discuss possible
explanations for the discrepancies between the results
and interpretations of the diﬀerent studies. In a com-
panion-paper, we will describe the cortical activation
patterns induced by the same visual stimuli in the same
Fig. 1. Schematic representation of the stimuli employed. (a) Temporal sequence of all presentations (except for variations in interstimulus pre-
sentation duration: 1–1.5 s); (b) colour-deﬁned stimulus (colour sequence of squares from left to right: green; grey; red/green checkerboard; grey; red;
grey; green/red checkerboard; grey); (c) motion-deﬁned stimulus sequence; (d) checkerboards deﬁned by each of the stimulus features used in this
study.
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observers as investigated by functional magnetic reso-
nance imaging (fMRI) (Fahle et al., in preparation).
2. Materials and methods
2.1. Stimuli of ﬁrst experiment
All stimuli were presented on a 20 in. colour monitor
(EIZO T662-T) under control of a Macintosh 8100
computer with a spatial resolution of 1152 870 pixels
and a frame rate of 75 Hz. The experiments were per-
formed in a darkened room with a background lumi-
nance of 0.1 cd/m2. Stimuli were displayed within a
circular area of the monitor with a diameter of 7.5
(¼800 pixels) at the observation distance of 2 m. A
ﬁxation point in the middle of this circular area helped
to ensure steady ﬁxation. Within the circular area,
checkerboards with elements of a side length of 0.75
were displayed.
Depending on the type of experiment, the checks were
deﬁned by a diﬀerence in either luminance, hue, motion
direction of random dots, orientation of line elements,
or stereoscopic depth (cf. Table 1). In each sequence,
four types of stimulus patterns were displayed for 667
ms each (two checkerboards and two homogenous pat-
terns, see Fig. 1). A neutral inter-stimulus pattern ap-
peared in-between for 1 s. In the case of the motion
stimulus, the neutral stimulus consisted of a static ran-
dom dot pattern; for the stereo stimulus, it was a ran-
dom dot pattern without disparity; and for the colour
stimulus, a grey of the same luminance as the colours
(cf. Table 1). The sequence of stimulation is schemati-
cally displayed in Fig. 1a–c for the colour and the mo-
tion stimuli.
One hundred and four transitions to a checkerboard
or homogenous stimulus constituted one block (the in-
terstimulus pattern was not counted and not recorded).
The ﬁrst four presentations in each block were dis-
carded, leading to 25 presentations of each of the
checkerboards, and 25 presentations of each of the
homogenous patterns. Each experiment consisted of
four blocks of trials leading to 100 presentations per
stimulus and subject. The four blocks of all ﬁve exper-
iments (features: stereo, motion, colour, orientation,
luminance) were pseudo-randomised for each subject to
prevent artefacts due to fatigue of the subject from in-
ﬂuencing the results.
The luminance-deﬁned checks had a luminance of ei-
ther 0.1 cd/m2 (black) or 2.0 cd/m2 (white), hence a
contrast of around 90%. The monitor was grey at 1 cd/
m2 during interstimulus intervals.
The colour-deﬁned checkerboard consisted of elements
with a luminance of 4 cd/m2 of either medium (544 nm)
or long wavelengths (612 nm, i.e. the checks were
isoluminant). The interstimulus pattern appeared grey
with 4 cd/m2 containing equal intensities of all three
phosphors as measured in cd/m2.
The motion-deﬁned checkerboard contained 2% of
bright pixels on a dark surround. Within the checks of
one type the pixels were moving upwards while they
moved downwards in the other type of checks. Velocity
of dot motion was 1.3/s; dots reaching the borders of
the checks were replaced by new dots appearing at the
opposite side of the check. In the homogenous stimuli,
all dots moved in the same direction, either up or down;
all dots were static in the interstimulus pattern. In an
additional control experiment, dots in the homogenous
condition disappeared when reaching the––now imagi-
nary––borders of the checks and were replaced by dots
at the opposite check-side.
The depth-deﬁned checks contained an overall 3% of
bright pixels on a dark surround, and each dot consisted
of one pixel. One type of check had an uncrossed dis-
parity of 2, i.e. these checks seemed to lie behind the
surface of the monitor, while the other type of check
seemed to ﬂoat in front of the screens surface due to a
crossed disparity of around 2, leading to a large sub-
jective diﬀerence in depth between the two types of
check. The homogenous stimulus was either at the level
of one or else of the other check type. The interstimulus
pattern had no disparity and therefore was perceived as
located on the surface of the monitor. The stimuli for
both eyes appeared sequentially on the monitor and
were separately perceived by the two eyes due to LCD
shutter glasses (Crystal Eye) worn by the subjects and
that were opened sequentially in phase with the stimulus
presentations to both eyes. As a control, we also re-
corded potentials with the shutter glasses deactivated,
Table 1
Deﬁnition of the stimuli in perceptual categories
Visual
dimension





Motion Up/down Up Down/up Down Stationary dots
Stereo In front of/behind In front of monitor surface Behind/in front of Behind monitor surface No disparity (¼ on surface)
Orientation Vertical/horizontal Vertical Horizontal/vertical Horizontal Random lines
Colour Red/green Red Green/red Green Grey
Brightness Black/white Black White/black White Grey
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hence the stimuli on the monitor were identical to the
experiment proper but they were no longer projected
separately to the two eyes.
The orientation-deﬁned checks contained, in each
check, 5 5 line elements oriented horizontally in one
type of check and vertically in the other check-type (cf.
Fig. 1d). The line elements were 50 long and 0.570 (¼1
pixel) wide. The monitor was tilted physically by 45,
hence horizontal and vertical lines (in absolute terms)
were both produced by lines running obliquely on the
monitor, thus eliminating artiﬁcial luminance diﬀerences
due to the fact that lines along the scan path of raster
monitors have more contrast than lines perpendicular to
this path. The homogenous displays contained line ele-
ments of only one orientation, either vertical or hori-
zontal.
2.2. Stimuli of second experiment
All stimuli of the second experiment were presented
on the same 20 in. monitor under control of a PC
(AMD Duron 800 MZ, Asus V7700 graphics board)
with a monitor resolution of 1280 1024 pixel and a
refresh rate of 72 Hz using a custom software library.
Viewing distance was 1.4 m. Stimulus size of around
12 14 corresponds almost to the screen size of the
monitor, i.e. no circular mask was used (check size was
1 1; 14 checks horizontally, 12 checks vertically).
This second experiment consisted of three sessions that
were measured in counterbalanced order between ob-
servers. The ﬁrst session contained the luminance,
colour, and orientation-deﬁned checkerboards, the
second session contained motion deﬁned checks, and
two conditions not tested in the ﬁrst experiment:
checkerboards deﬁned by luminance dots- or else by
colour-dots. With these stimuli, change between homo-
genous and inhomogenous presentations does not pro-
duce a change in overall luminance and neither the
production of new high spatial frequency contours. The
third session, when subjects wore the Crystal-Eye
goggles, tested stereo-deﬁned checkerboards. As in the
ﬁrst experiment, all homogenous and segregated stimuli
of the second experiment were separated by an inter-
stimulus pattern, i.e. homogenous and structured pat-
terns were presented alternatingly for periods of 667 ms
each with a grey interstimulus in-between lasting for
1500 ms in the second session and for 1000 ms in the
other sessions.
Another diﬀerence to the ﬁrst experiment was that the
homogenous stimulus pattern for the stereo experiment
consisted of simultaneous presentation of two homoge-
nous depth planes rather than a single, no-disparity
plane. This is to say that compared to the depth-deﬁned
checkerboard, all elements displayed kept their dispari-
ties constant––they were just distributed (pseudo) ran-
domly over the screen rather than being segregated into
squares of alternating disparity. A similar approach was
used in the motion condition, since here, we presented
both motion directions as the homogenous stimulus,
and the same was true in the additional conditions lu-
minance dots and colour dots. In these conditions,
around 25,000 dots of diameter 20 each were presented
on a grey background (together covering 20% of stim-
ulus-surface). In the checkerboard version, these dots
were segregated into areas (with area size corresponding
to checksize) containing only dark or only bright dots,
thus creating the impression of a checkerboard (see Fig.
1d). In the homogenous conditions, the dots were ar-
ranged (pseudo) randomly.
The orientation-deﬁned condition diﬀered from the
corresponding condition in the ﬁrst experiment in that
the lines were not arranged on a regular matrix but at
random positions and both orientations were present
even in the homogenous conditions––just not spatially
segregated (cf. Fig. 1d). Luminance of the bright parts of
the stimuli was around 90 cd/m2, that of the dark parts
was around 0.3 cd/m2, hence contrast was around 99%,
i.e. luminance and contrast were much higher than in the
ﬁrst experiment. Coloured checks were isoluminant and
had luminances around 26 cd/m2. Each stimulus was
presented for 100 times in pseudo-random order (except
in the stereo condition).
2.3. Subjects
Nine subjects (ﬁve female, four male), aged between
20 and 45 years, volunteered to participate in the ﬁrst
experiment after the procedure had been fully explained
to them. All of the subjects were, however, naive con-
cerning the exact problem investigated by the experi-
ments. They all had normal or corrected-to-be normal
acuity as assessed by means of the Freiburg visual acuity
test (Bach, 1996), normal colour vision as assessed by
means of the Ishihara plates, and normal stereo vision as
assessed by the TNO-Test (i.e., better than 4000). If
necessary, the subjects wore their optical corrections
during the experiments. Stimulation with the checker-
board reversal, as used in clinical studies, showed a
normal VEP in all nine subjects with a positive peak
around 100 ms after stimulus onset.
Another seven subjects (three female, four male),
aged between 24 and 30 years participated in the second
experiment. These subjects, too, had (corrected-to)
normal visual acuity as well as stereoacuity. Only two
subjects (AW, JB) participated in the multi-channel re-
cordings.
2.4. Recording
The evoked potentials were recorded from six signal
electrodes, one placed at Oz, at a distance above the in-
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ion corresponding to 10% of the distance between nasion
and inion, and the remaining ones at 5% and 10% of this
distance both left and right of Oz, as well as 5% above Oz
in the ﬁrst experiment, while there were ﬁve electrodes at
positions O1, O2, Pz, T5 and T6 in the second experi-
ment. The reference electrode was placed at Fz (30%
above the nasion), the ground electrode was connected to
the earlobe. For recording of the electrooculogram we
used two additional (diﬀerential) electrodes placed above
and below the right eye.
Goldcup electrodes and Nihon Kohden Eleﬁx elec-
trode paste were used and electrode resistance was tested
to be less than 5 kX. The electrode signals were ampliﬁed
using Toennies AC-ampliﬁers, with ﬁrst-order bandpass
ﬁlters of 0.3–70 Hz and an additional notch ﬁlter at 50
Hz. Signals were subsequently digitised with a resolution
of 12 bits at a sampling rate of 400 Hz using Maclab/8
hardware and a Macintosh 6600/66 computer driven by
Chart 3.3.5 (ﬁrst experiment) or 4.5 (second experiment)
software. The stimulus-producing computer and the re-
cording computer were connected via the serial inter-
faces; triggering started from the stimulus generating
computer upon start of the ﬁrst new stimulus frame.
2.5. Data analysis
Data handling and analysis were performed on a
Macintosh computer using Igore Pro 3.03 software for
the ﬁrst experiment and on a PC using Igore Pro 4.0
software for the second experiment. Runs containing eye
blinks (as recorded from the EOG electrodes) or EEG
artefacts which exceeded the bandwidth of the AD
converter were discarded automatically by the software;
these were usually less than 5% of runs. The potentials
evoked by each of the stimulus types were averaged for
each subject. The mean responses evoked by appearance
of the homogenous stimuli were subtracted from the
mean of the responses evoked by appearance of the
checkerboards (cf. Fig. 2).
Fig. 2. Schematic of data analysis. The responses evoked by appearance of the checkerboard stimuli (a, b) were averaged. From this average, the
mean response evoked by appearance of the homogenous stimuli (c, d) was subtracted. The example shows the responses to motion stimuli at
electrode position Oz for one subject. The same principle of analysis holds true also for all other types of stimuli.
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2.6. Multi-channel recording
The EEG was recorded at 128 positions referenced to
Cz using EGI-Geodesic Sensorbet and Netamps am-
pliﬁers (Tucker, 1993). The sampling rate was 500 Hz,
and low- and high-pass ﬁlters were set to 200 and 0.1
Hz, respectively.
During the oﬄine analysis the continuously sampled
data stream was cut into sweeps of 1 s duration with a
pre-signal baseline of 0.1 s. All 128 channels were
scanned for artefacts (i.e. amplitudes exceeding the
bandwidth of the AD converter and activity changes
larger than the 10-fold standard deviation of the signal)
on a single trial basis. Channels with more than 25% of
bad trials were excluded from data analysis and replaced
by means of a spline interpolation (Perrin, Pernier,
Bertrand, & Echalier, 1989).
3. Results
Following Bach and Meigen (1992), we assume that
the VEP is the––more or less––linear sum of local
stimulus onset responses and the responses related to
contour (spatial gradient) detection or texture segrega-
tion (tsVEP). We separate the two types of responses,
namely components related to local stimulus onset ver-
sus contour detection and texture segregation––or more
general, stimulus inhomogeneity––by subtracting the
mean responses elicited by the two homogenous stimuli
(e.g. upward and downward motion) from those elicited
by the two checkerboard patterns (cf. Fig. 2). The un-
derlying argument is that the two homogenous stimuli
together contain exactly the same stimulus energy as the
combined checkerboard stimuli do. This argument is
especially true for our second experiment, where both
local stimulus features deﬁning the checkerboard are
present also in the homogenous conditions. Hence, the
diﬀerence between the responses evoked by the two
classes of stimuli should reﬂect the component caused by
pattern segregation. In the ﬁrst experiment, additional
components due to the diﬀerence between homogenous
and inhomogenous tsVEPs for diﬀerent types of check-
erboard conditions may contribute that are not related
to stimulus segregation in a narrow sense.
3.1. First experiment: tsVEPs for diﬀerent types of
checkerboards
3.1.1. Orientation-deﬁned texture segregation
The cortical responses evoked by the orientation-
deﬁned checkerboards (light grey lines) and the homo-
genous orientation stimuli (dark lines) are shown on the
left side of Fig. 3. The graph plots the means and
standard errors of the means of all nine observers for the
occipital electrode position (Fig. 3aI). As is most clearly
seen in the plot of the diﬀerence between these two
curves (Fig. 3bI), the VEP contains a relatively small
component that is present only in the checkerboard
stimuli but not in the homogenous stimuli. This com-
ponent has a negative peak amplitude of )4.2 lV and a
latency of around 230 ms. The other electrode positions
yield similar results, with lower amplitudes at the more
lateral positions (cf. Fig. 5). The diﬀerential response
represents the tsVEP.
3.1.2. Motion-deﬁned texture segregation
The cortical potentials evoked by motion-deﬁned
checkerboards (light grey lines in Fig. 3aII) are bipea-
ked, with a large negative amplitude of almost )15 lV
when averaged over nine subjects. The response to the
homogenous stimuli is far less pronounced (black lines
in Fig. 3aII, i.e. second row of Fig. 3), leading to a very
strong diﬀerential tsVEP response (Fig. 3bII). In the
motion-deﬁned tsVEP the ﬁrst peak at 180 ms has an
amplitude of )9 lV and the second peak at around 260
ms has an amplitude of )10 lV (Fig. 3bII). We ﬁnd
more or less similar results over all six electrode posi-
tions, but the amplitude of the ﬁrst negative peak,
around 180 ms, is slightly reduced at the more laterally
positioned electrodes (cf. Fig. 5). The electro-oculo-
gram, as in all other stimulus conditions, is virtually a
horizontal, i.e. there were no eye movements (not
shown).
3.1.3. Depth-deﬁned texture segregation
Checkerboards deﬁned by large diﬀerences in ste-
reoscopic depth also produce a negative, slightly bi-
peaked response starting at a latency of around 180 ms.
The early positive response at 130 ms, which is evoked
in similar form by the homogenous dot clouds (Fig.
3aIII, i.e. third row, black line) and by the stimuli
without any stereo-eﬀect (see Fig. 3aIV), probably re-
sults from the luminance diﬀerence between the stimuli
since each dot has a close-by twin in the conditions with
disparity, while none in the interstimulus pattern with-
out disparity. This artefact is present in all conditions
and therefore disappears when diﬀerences are calculated
between homogenous and inhomogenous conditions.
The diﬀerence between the potentials evoked by the
checkerboard versus the homogenous stimulus (Fig.
3bIII) has a peak latency of around 230 ms and a peak
amplitude of )6.3 lV. Especially with this type of
stimulation, the results over all six electrode positions
are more or less identical.
When the LCD shutter goggles are switched oﬀ––
eliminating the depth eﬀect while the stimuli presented
on the monitor are exactly as before––the potential
speciﬁc for the checkerboard pattern disappears (Fig.
3bIV). This control experiment clearly shows that the
tsVEP is not an artefact of the stimulus statistics (since
the stimuli on the monitor are the same in both condi-
12 M. Fahle et al. / Vision Research 43 (2003) 7–19
tions), but is indeed speciﬁc for the binocular disparities
between dots presented to both eyes, i.e. speciﬁc for
stereoscopic depth. Hence the tsVEP evoked by the
stereo-deﬁned checkerboard is similar to the diﬀerential
response evoked by the checkerboards deﬁned by ori-
entation or motion diﬀerences (see Fig. 4b), but it diﬀers
clearly from the luminance-deﬁned tsVEP (see Fig. 4a)
as we will see below.
3.1.4. Luminance-deﬁned texture segregation
The luminance-evoked response shows a strong po-
sitivity around 90 ms after stimulus onset for the
checkerboard patterns while clearly later, at 110 ms, for
the homogenous stimuli––a weak argument against a
pure luminance-artefact: overall luminance diﬀerences
are larger for the homogenous stimuli than for the
checkerboards. The potential in the checkerboard
Fig. 3. (a) Potentials at electrode position Oz evoked by the appearance of the two versions of checkerboards (light grey lines), and potentials evoked
by the appearance of the two versions of homogenous patterns (black lines) for diﬀerent stimulus features: from top to bottom these are orientation-,
motion-, depth-deﬁned stimuli, stimuli without disparity, luminance-, and colour-deﬁned stimuli; (b) texture segmentation for all stimuli: diﬀerence
between the potentials evoked by the checkerboards versus the homogenous stimuli. Means for electrode position Oz of all nine observers who
participated in the ﬁrst experiment.
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condition stays positive for a longer time, resulting in a
signiﬁcant positive peak with an amplitude of 8.2 lV
around 230 ms in the tsVEP (cf. Fig. 3aV, bV).
The overall slope of the tsVEP and its peak latencies
diﬀers strongly from the ones obtained with the check-
erboards deﬁned by orientation, motion and depth (cf.
Fig. 4a).
3.1.5. Colour-deﬁned texture segregation
In the last part of the ﬁrst experiment, checker-
boards are deﬁned mostly by colour, i.e. observers
perceive a checkerboard composed of red and green
checks, while the homogenous stimulus consists of a
uniform green or red area. While the homogenous
stimuli evoke a response with a large positive peak
at 145 ms (amplitudeþ 7:8 lV), the colour-deﬁned
checkerboard evokes a distinct negative response with
a slightly earlier peak at 130 ms and an amplitude of
)11.3 lV. The diﬀerential response has a negative peak
amplitude of )15.7 lV and a peak latency of 130 ms,
followed by a positive peak at 260 ms with an ampli-
tude of 3 lV (Fig. 3bVI, i.e. bottom row). The form of
this response resembles the one evoked by the lumi-
nance-deﬁned checkerboards albeit with a clear down-
wards shift and a larger amplitude (cf. Fig. 4a). The
colour-deﬁned tsVEP actually is even more similar to
the luminance-deﬁned tsVEP in the second experiment
(Fig. 5IV), while its general shape is clearly distinct
from the responses evoked by orientation, motion and
stereo-deﬁned checkerboards (cf Fig. 4b). Peak latency
is somewhat higher than for the luminance-deﬁned
tsVEP, but much faster than for stereo and motion-
deﬁned tsVEPs.
3.2. Second experiment: comparison conditions are less
homogenous
The results of the second experiment are quite similar
to those of the ﬁrst experiment, in spite of the new
subjects and the changes in some of the homogenous
stimulus patterns (stereo and motion conditions), and
the changed order of the stimulus elements (orientation
condition) (Fig. 5). The new conditions for luminance
and colour testing which better eliminate overall lumi-
nance artefacts and do not produce any new high spatial
frequency borders yield results that are still rather sim-
ilar to the segregation-speciﬁc VEPs evoked by the
conventional checkerboards (Fig. 5V and VII). The
potentials recorded over parietal and temporal cortex
are relatively similar to those recorded over the occipital
cortex. Interestingly, the tsVEPs over the temporal cor-
tex are clearly more similar for motion, stereo and lu-
minance- or colour-deﬁned dots than they are over the
occipital cortex. This is especially true for the checks
deﬁned by luminance- or colour-dots.
In the occipital recordings, the tsVEP deﬁned by
orientation diﬀerences is even smaller than in the ﬁrst
experiment and is hardly detectable. The motion-deﬁned
tsVEP shows a smaller amplitude than in the ﬁrst ex-
periment. The stereo-tsVEP is virtually identical to its
counterpart in the ﬁrst experiment. The amplitude of the
new luminance-deﬁned tsVEP is much larger than its
predecessor, probably due to the much higher intensity,
while the colour tsVEP is virtually identical between the
experiments. The dot-deﬁned tsVEPs are clearly wider
than their more conventional counterparts, with smaller
amplitudes.
3.3. Third experiment: multi-channel recordings
Repetition of the ﬁrst experiment in two observers,
while recording with 128 channels simultaneously, re-
produced and extended the results obtained using six
channel recording. As to be seen from the examples
shown in Figs. 6 and 7, signiﬁcant segmentation-speciﬁc
evoked potentials arise over the occipital pole as early as
around 100 ms after stimulus onset. This is true for both
observers and all stimulus conﬁgurations used. In spite
of sometimes large inter-individual diﬀerences, the dif-
ference between tsVEPs elicited by motion, stereo-, and
orientation-deﬁned checkerboards (see Fig. 6 as an ex-
ample for motion) on one hand, and those evoked by
colour- and luminance-deﬁned checks (luminance: Fig.
7) on the other hand was present also in the multi-
Fig. 4. Comparison of texture segmentation for all stimuli; (a) lumi-
nance- and colour-deﬁned stimuli; (b) orientation-, motion-, and
depth-deﬁned stimuli. (Amplitude for colour-deﬁned tsVEP drawn at
reduced size.)
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channel recordings and most pronounced at larger la-
tencies. Most notably was the reversal of the sign of
potentials between the two types of stimuli between 0.2
and 0.3 s (cf. Figs. 6 and 7). Virtually all of the activa-
tion/inactivation, however, occurred at very similar po-
sitions, over the occipital pole.
Fig. 5. Potentials evoked at electrode positions: (a) occipital; (b) parietal, and (c) temporal. Graphs show the diﬀerences between potentials evoked
by checkerboard minus homogenous stimuli (similar to Fig. 4), averaged over all seven observers of the second experiment, plus standard errors of
the means (dotted).
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4. Discussion
4.1. Homogenous versus inhomogenous stimuli: area-
segregation
Checkerboards deﬁned by diﬀerences in orientation
of small line elements, by luminance- or colour-contrast,
diﬀerences in stereoscopic depth, or motion direction of
dots all evoke cortical potentials that diﬀer strongly
from the potentials evoked by presentation of the same
local feature elements but in a spatially homogenous
rather than in a checkerboard arrangement. Thus, it is
appropriate to term these diﬀerences in potential over
time: tsVEPs, or potentials speciﬁc for area segregation.
It is important to note that this area segregation is based
on the detection of spatial gradients, i.e. some type of
contours. The tsVEP may be caused by local process-
ing of (low spatial frequency) feature contrast at the
borders between the checks, i.e. on contours, on a purely
local basis or else by more complex global grouping
and binding processes, or by a combination of both
factors.
Fig. 6. Multi-channel recordings of one (out of two) observers. (a) Potential distribution for diﬀerent times after stimulus onset, between 0.09 and
0.34 s for the motion-deﬁned tsVEP. The occipital pole is located at 6 oclock on each of the circles. Brighter grey levels in the frontal region indicate
positive potentials, those in the occipital region negative potentials (originally colour coded). (b) Variation of potentials over time for all 128
channels; (c) Variation over time for the channel at Oz. Results of the second observer were very similar.
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The results of the second experiment clearly show
that the tsVEP does not require the creation of new
sharp transitions in colour or luminance, i.e. it is inde-
pendent of sharp contours between ﬁgure and ground in
the conventional sense, in line with earlier reports (e.g.
Bach & Meigen, 1997).
4.2. Segregation based on luminance, motion, stereo, and
orientation cues
The results on luminance-deﬁned checkerboards
agree with the clinical experience that structured stimuli
evoke larger potentials than homogenous stimuli do.
The luminance-deﬁned tsVEP produces a rather strong
ﬁrst negativity which is more pronounced in the second
than in the ﬁrst experiment, probably due to the higher
intensity of the stimuli in the second experiment. The
motion-tsVEP, on the other hand, shows a larger ﬁrst
negativity in the ﬁrst experiment. Both versions of the
motion-tsVEP closely resemble the results obtained in
earlier studies (Bach & Meigen, 1997).
The tsVEPs recorded in the second experiment are
very similar to the ones in the ﬁrst experiment and
quite similar to each other for the stereo tsVEP. The
Fig. 7. Multi-channel recordings for the luminance-deﬁned stimulus in the same observer as in Fig. 6. (a) Potential distribution for 12 diﬀerent times as
in Fig. 6. Here, brighter greys indicate negative potentials in the frontal region (upper parts of circles) and positive ones in the occipital region. (b)
Potential variation of all 128 channels over time; (c) Potential variation over time for the channel at Oz. The results of the second observer were similar.
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potentials evoked by stereo- and orientation-deﬁned
checkerboards are comparable regarding both polarity
and latency. They are roughly similar to the ones ob-
tained in the original studies by Bach and Meigen (1992,
1997), and by Lamme et al. (1992). The orientation-
deﬁned tsVEPs are even smaller in the second than in
the ﬁrst experiment. TsVEPs deﬁned by stereoscopic
depth have clearly higher latencies reﬂecting the fact
that stereoscopic depth perception requires more time-
consuming computations in the visual brain. (Thresh-
olds for stereoscopic stimuli increase almost linearly
with the logarithm of presentation time; Ogle & Weil,
1958.) Our results are compatible with the view that
ﬁgure-ground segmentation based on stereoscopic depth
might be achieved as early as the primary visual cortex.
The potentials evoked by motion-deﬁned checker-
boards show the same overall form especially regarding
the polarity, but the distinct bipeaked shape as well as
the steeper depolarisation diﬀer from those evoked by
orientation- and stereo-deﬁned stimuli as well as from
those described by Lamme et al. (1993, cf. also Bash &
Meigen, 1997, Fig. 4).
A possible explanation for the diﬀerences between the
ﬁrst versus the second experiment is the change in the
homogenous stimulus patterns. These homogenous
stimuli were spatially unstructured in the second exper-
iment as well as in the ﬁrst one but contained two rather
than one stimulus type as in the ﬁrst experiment––for
example, two motion directions rather than a single one.
Further experiments will have to clarify whether indeed a
part of the so-called tsVEP is caused by the fact that the
structured stimuli contain two diﬀerent speciﬁcations of
the stimulus, rather than a single one.
4.3. Segregation based on colour and on the distribution of
luminance- or colour-deﬁned dots
There have been no previous investigations into
colour-deﬁned tsVEPs. Our results show that also col-
our-deﬁned segmentation evokes clear tsVEPs, with
characteristics similar to the results obtained with lumi-
nance-deﬁned checkerboards. This ﬁnding nourishes the
suspicion that part of the segmentation-speciﬁc compo-
nent evoked by these stimuli is based on some residual
luminance diﬀerences between the isoluminant compo-
nents of the checkerboard. Nevertheless, one ﬁnds dis-
tinct components in the shape of the potential which
cannot be explained by luminance artefacts, and the po-
larity of the early component of the tsVEP (around 50 ms)
diﬀers between the colour- and luminance-deﬁned seg-
mentation while a luminance-artefact would be expected
to inﬂuence especially these early components in an iden-
tical way.
Checkerboards deﬁned by the redistribution of lu-
minance- or (near isoluminant) colour-deﬁned dots
which are randomly distributed in the homogenous
conditions evoke potentials that are broader and smaller
than the tsVEPs evoked by more conventional lumi-
nance- and colour-deﬁned checkerboards with addi-
tional contrast edges. These potentials diﬀer less (but
still diﬀer) from the stereo- and motion-deﬁned tsVEPs,
especially for the temporal electrodes. This ﬁnding of
smaller diﬀerences between diﬀerent conditions over
temporal cortex agrees well with the results of our fMRI
study (Fahle et al., in preparation).
Since the results of the ﬁrst and second experiment
are at least qualitatively similar, we will not diﬀerentiate
between the two experiments in the conclusions.
4.4. Multi-channel recordings
The results of the multi-channel recordings all show
activation over diﬀerent parts of the occipital pole for all
types of stimuli used, and are in good agreement with
those of studies on cortical activity changes as revealed
by fMRI. Both Reppas, Niyogi, Dale, Sereno, and
Tootell (1997) and Skiera, Petersen, Skalej, and Fahle
(2000) using stimuli similar to ours ﬁnd activation of the
so-called BOLD-response especially over the occipital
cortex. In a companion paper, we will present the fMRI
results measured by presenting basically the same stim-
uli to the same observers.
5. Conclusions
We have to come to the conclusion that mechanisms
detecting diﬀerences in motion direction and stereo-
scopic depth might be implemented as early as the pri-
mary or secondary visual cortex, or at least that
information regarding these features reaches the occip-
ital cortex via feedback connections. However, the clear
diﬀerences not only regarding the time course of the
activation as evident from the six resp. ﬁve channel re-
cordings (see Figs. 3 and 5), but also the diﬀerent po-
larity and partly diﬀerent location of the main activity in
the multi-channel recordings, all indicate that diﬀerent
parts of the occipital cortex might deal with ﬁgure–
ground segregation based on diﬀerent visual features.
Contrary to the interpretation chosen by Bach and
Meigen (1997) regarding the tsVEP produced by diﬀer-
ent stimulus domains, we would therefore like to em-
phasise the diﬀerences between the tsVEPs obtained by
stimulation through diﬀerent stimulus feature do-
mains––especially because of the strongly diﬀering la-
tencies, while agreeing that the tsVEPs are more similar
across visual dimensions than low-level VEPs are.
In conclusion, we ﬁnd that the occipital cortex is
obviously able to perform a ﬁgure–ground discrimina-
tion based on a variety of diﬀerent stimulus attributes
such as luminance, colour, motion direction, stereo-
scopic depth, and line orientation but that the neuronal
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mechanisms underlying the diﬀerent ﬁgure–ground dis-
criminations might nevertheless diﬀer between stimulus
attributes, and might be achieved by at least partly dif-
fering neuronal networks.
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